The Mago-Y14 heterodimer, which is highly conserved among eukaryotes, is the core component of the exon-exon junction complex (EJC) and regulates oogenesis, embryogenesis and germ-line sex determination in Drosophila and the nematode Caenorhabditis elegans. To further survey these proteins in plants and to identify plant developmental processes with which the Mago-Y14 heterodimer is associated, we used the TcMago-TcY14 heterodimer as the bait protein in a yeast two-hybrid screen and searched for its binding partners in a cDNA library from a 3-year-old Taiwania (Taiwania cryptomerioides Hayata) seedling. We found three clones, an unknown protein (Tc61), a pectin methylesteraselike protein (Tc62) and a TPR (tetratricopeptide repeat)-like protein (Tc72). The Tc61 protein interacted strongly with the TcMago-TcY14 heterodimer, and its transcript was expressed in stems and leaves of 3-year-old Taiwania seedlings and in microsporangiate and ovulate cones. The pectin methylesteraselike protein was expressed abundantly in the roots of 3-yearold Taiwania seedlings and in pollinated ovulate cones, indicating that binding with the TcMago-TcY14 heterodimer may be involved in root development and growth of pollen tubes during pollination. The Tc72 protein encoded a complete TPR-like protein that is highly conserved among plants, with 10 α-helices and three conserved TPR motifs containing five consensus residues necessary for stable inter-helix packing. A tissue expression assay and light/dark treatments showed that the Tc72 gene was expressed abundantly in the leaves of seedlings and was sensitive to light and dark, as are the Tcmago and TcY14 genes, implying that the TcMago-TcY14 heterodimer interaction with Tc72 may be related to chloroplast protein transport.
Introduction
A yeast two-hybrid screen with human Mago (Mago nashi) protein as the bait protein demonstrated that Mago interacts with Y14 (also called Tsunagi) (Zhao et al. 2000) . The same interaction was also shown in Drosophila melanogaster, the nematode Caenorhabditis elegans, Arabidopsis thaliana (L.) Heynh. and Taiwania cryptomerioides Hayata (hereafter Taiwania) (Kataoka et al. 2001 , Mohr et al. 2001 , Chen et al. 2007 , Park and Muench 2007 . According to crystal structure analysis, Mago and Y14 can form a stable heterodimer that strongly associates with spliced mRNA (Lau et al. 2003, Shi and Xu 2003) . Moreover, the Mago-Y14 heterodimer is the core component of the exon-exon junction complex (EJC). The EJC is a multiprotein assembly deposited by the spliceosome 20-24 nucleotides upstream of the mRNA exon-exon junctions (Le Hir et al. 2000) , and is associated with enhancing translation and mediating the nonsense-mediated decay (NMD) pathway (Nott et al. 2004, Conti and Izaurralde 2005) . Some components of the EJC, such as TAP (an mRNA export factor) and PYM (a cytoplasmic RNA-binding protein), have been demonstrated to interact with the Mago-Y14 heterodimer (Kataoka et al. 2001 , Bono et al. 2004 , Park and Muench 2007 . In animal development, the Mago and Y14 proteins are required for localizing oskar mRNA at the posterior pole of the oocyte, which is critical for establishing polarity and asymmetry during Drosophila oogenesis and embryonic development (Newmark and Boswell 1994 , Micklem et al. 1997 , Newmark et al. 1997 , Hachet and Ephrussi 2001 , Mohr et al. 2001 . The Mago and Y14 proteins also regulate hermaphrodite, germ-line sex determination and embryogenesis in the nematode (Li et al. 2000 , Kawano et al. 2004 .
In plant development, the Arabidopsis hap1 mutation disrupts AtMago, which leads to the failure of pollen tubes to exit the septum (Johnson et al. 2004) . We previously showed that the overexpression of Tcmago in transgenic tobacco plants resulted in longer roots and a more complex root system (Chen et al. 2007 ). Moreover, tissue expression analysis of Tcmago and TcY14 revealed that they have similar expression patterns. These results suggested that some plant developmental processes may be regulated by the Mago-Y14 heterodimer even though these proteins may function independently. To understand how the Mago-Y14 heterodimer interacts with different proteins and participates in different plant developmental processes, we adopted the yeast two-hybrid screening method using the TcMago-TcY14 heterodimer as the bait protein.
The yeast two-hybrid system was originally developed by Fields and Song (1989) as a genetic assay to detect protein-protein interactions in a cellular setting (Auerbach et al. 2002) . So far, it has been used to detect interactions between two known proteins or polypeptides, and to search for unknown partners (prey) of a given protein (bait) (Legrain and Selig 2000) . Proteins rarely work by themselves. They almost always perform their functions by interacting with other biomolecules (Ito et al. 2002) . This phenomenon is universal in plant development, and the yeast two-hybrid screening has thus been used to search for interacting proteins during various plant developmental processes such as flowering, embryo development, trichome morphogenesis and sporophyte development (Katz et al. 2004 , Reddy et al. 2004 , Tseng et al. 2004 , Sarnowski et al. 2005 . The practicality and efficiency of the yeast two-hybrid system for investigating plant developmental processes prompted us to adopt the technique to screen for proteins that interact with the TcMago-TcY14 heterodimer as a means of revealing the physiological functions of the heterodimer in Taiwania, a living fossil from the Tertiary period of the Cenozoic era, and one of Taiwan's most economically important tree species because of its utility, durability and bioactive substances (Chang et al. 2003) .
In this study, we found three proteins-an unknown protein (Tc61), a pectin methylesterase-like protein (Tc62) and a TPR (tetratricopeptide repeat)-like protein (Tc72) that interacted with the TcMago-TcY14 heterodimer. Analyses by RT-PCR indicated that Tc61 and Tc72 exhibited similar tissue-specific expression patterns, but with Tc72 being more prominent in leaves of Taiwania seedlings. The Tc62 gene was highly expressed in stems, roots and ovulate cones. Both Tc62 and Tc72 were sensitive to light and dark treatments. The full-length sequence of Tc72 obtained from the screening was used for protein structure prediction and molecular identification.
Materials and methods

Plant materials and growth conditions
The cambium and shoot tip of a 26-year-old Taiwania cryptomerioides, the microsporangiate cone and ovulate cone of a reproductive age specimen and the stem, leaf and root of 3-year-old seedlings were used for total RNA isolation and expression pattern detection. The seeds of Taiwania obtained from the Experimental Forest of the National Taiwan University were kept at room temperature for 1 day before being washed with flowing water for 16 h. Afterward, the seeds were surface-sterilized in 2% (v/v) NaOCl for 2 min, rinsed several times with sterile water and placed on rinsed filter papers in dishes in a growth chamber at 22°C for 17 days in a 10-h photoperiod. The 17-day-old Taiwania seedlings were used for the light and dark treatments.
Treatments
For the light and dark treatments, the 17-day-old seedlings were divided into three groups. One group of seedlings was placed in continuous white light at 22°C for 3 days, and a second group of seedlings was kept in darkness at 22°C for 3 days. At the end of each treatment, whole seedlings were harvested and frozen in liquid nitrogen. The remaining group of 17-day-old seedlings was kept in a 10-h photoperiod at 22 °C for 3 days to serve as the controls.
Yeast two-hybrid screening and assays
The yeast two-hybrid vectors pGBKT7 and pGADT7 (Clontech) were used for TcMago-TcY14 heterodimer construction. The entire coding region of Tcmago containing NdeI/SalI restriction sites was cloned into the pGBKT7 vector to create the plasmid pBD-TcMago. The entire coding region of TcY14 containing HindIII/HindIII restriction sites and SV40 T-antigen nuclear localization signal sequence (NLS) was cloned into the pGADT7 vector and the AD domain removed to create the plasmid pTcY14-NLS. The yeast strains AH109 [MATa, 112, gal4∆, gal80 [MATα, 112, gal4 , gal80 , URA3: :GAL1 UAS -GAL1 TATA -lacZ, MEL1] were used in the assay. The plasmids pBD-TcMago and pTcY14-NLS were co-transformed into Y187 and selected on medium that lacked Leu and Trp (SD-Leu-Trp). In accordance with our previous results showing that TcMago interacts strongly with TcY14 (Chen et al. 2007 ), TcMago and TcY14 formed a heterodimer in Y187. This TcMago-TcY14 heterodimer served as the bait to screen a cDNA library from 3-year-old Taiwania seedlings. The first-strand cDNA was synthesized using an oligo (dT) primer and the double-strand cDNA was amplified by 18 cycles of PCR. The double-strand cDNA and pGADT7-Rec were transformed into the yeast strain AH109. The library titer was = 2 × 10 7 cells ml -1 . All yeast two-hybrid screening and yeast manipulations were carried out as recommended by the manufacturer (Clontech). The interacting library plasmids were isolated from the yeast cells and sequenced with an ABI 377 automatic sequencer (PerkinElmer). To test the specificity of the interaction, plasmid DNA from each interacting clone was retransformed into AH109 and mated with the Y187 containing the TcMago-TcY14 heterodimer as the bait. Other possible false positives were also examined. The quantitative assays were performed as recommended by the manufacturer (Clontech).
GST pull-down assays and immunoblot analysis
The pure GST-TcMago fusion protein was obtained as described by Chen et al. (2007) . The Tc61, Tc62 and Tc72 biotin-labeled proteins were generated with Transcend tRNA kits and TNT Quick Coupled Transcription/Translation System (Promega). For pull-down assays, about 10 µg of GSTTcMago fusion protein immobilized on 20 µl of packed glutathione agarose beads was held at room temperature with the Tc61, Tc62 and Tc72 biotin-labeled proteins in 1×PBS buffer for 1 h. After binding, the Tc61 and Tc72 protein binding reaction beads were washed four times with 0.3 ml of washing buffer containing 2×PBS and 0.5% (v/v) Triton X-100, and the Tc62 protein binding reaction beads were washed three times with 0.3 ml of washing buffer containing 1×PBS, 10% glycerol and 0.3% (v/v) Triton X-100. Two washing buffers were used because of the different interaction strengths between TcMago and its interacting proteins. Pull-down samples were resolved by SDS-PAGE and transferred to polyvinylidene fluoride membranes (Immobilon-FL, Millipore). Immunoblot analyses were used to detect the biotin-labeled prey proteins precipitated by the GST-TcMago fusion bait protein.
RNA isolation and RT-PCR analyses
The sample tissues used for expression pattern detection were collected, immediately frozen in liquid nitrogen and isolated as described by Chen et al. (2004) and Lee et al. (2006) . Total RNA of the treated 17-day-old seedlings was extracted according to the manufacturer's recommendations (Hopegen). For reverse transcription, 1 µg of total RNA was incubated at 42°C for 1 h with 200 units of Superscript II reverse transcriptase (Invitrogen) in a 20-µl reaction mixture containing 0.5 µg of oligo(dT) 12-18 , appropriate buffer, 0.5 mM dNTP mix and 10 mM DTT. About 0.3 µg of the first-strand cDNA products from each tissue was used for PCR amplification to detect the transcripts. The PCR was carried out with primer sets specific for each cDNA target in a standard PCR. The expression of a Taiwania actin gene served as an internal control to monitor reaction efficiency and to ensure that the initial amounts of cDNA were equal. The Taiwania actin gene was amplified with the primers (5′-CTGGATTGGAGGGTCTATTTTGG-3′) and (5′-GCCATACGAACACAAATAACTG-3′). Other specific cDNA targets were amplified with the following primers: Tc61 (5′-GATTAGTGTGACCTCCAGAACC-3′) and (5′-A-GATGCACTAGTTTGTGCAACG-3′); Tc62 (5′-GCATTAA-GCACGCTCTACTATGG-3′) and (5′-CTTCTACTTCTGAC-AACCAACGG-3′); and Tc72 (5′-CCATTTCACTCTATGA-GGTCGG-3′) and (5′-TCAAGACAGATGGGTTCTTGTG-3′). The annealing temperature for all sets of primers was 60 °C.
Northern blot analysis
About 15 µg of total RNA was separated by electrophoresis on 1% formaldehyde-agarose gel and transferred to GeneScreen Hybridization Transfer Membrane (PerkinElmer). Hybridization was performed at 65°C in a hybridization buffer containing 0.2×SSPE, 0.5% sodium-lauroylsarcosine, 1% SDS and 1% blocking reagent. Digoxigenin-labeled probes were prepared by in vitro transcription according to the manufacture's instructions (Roche). The hybridized blot was washed twice at 65°C with 0.1×SSPE/0.1% SDS for 10 min. The blots were incubated with the chemiluminescent substrate CDP-Star (Roche) and exposed on X-ray films.
Genomic DNA isolation and Southern blot analysis
Genomic DNA was isolated from the leaves of a 26-year-old Taiwania specimen according to the method of Chen et al. (2007) . About 15 µg of genomic DNA was digested with restriction enzymes DraI, HindIII and XbaI individually at 37°C overnight, fractionated on 0.8% agarose gel, and transferred to a GeneScreen Hybridization Transfer Membrane (PerkinElmer). The 3′UTR of the Tc72 gene labeled with digoxigenin was used as the probe. Southern blot hybridization and membrane washing were performed as described by Chen et al. (2007) .
Homologues, phylogenetic analysis and protein structure prediction
Homologues of Tc61, Tc62 and Tc72 were identified using BLAST algorithms at NCBI (http://www.ncbi.nlm.nih.gov/ BLAST/) and a plant transcript assembly BLAST server at TIGR (http://tigrblast.tigr.org/euk-blast/plantta_blast.cgi). The partial sequences of Tc61 and Tc62 and the full length sequence of Tc72 were submitted to GenBank (Accession nos. EF221833 for Tc61, EF221834 for Tc62 and EF094944 for Tc72). The following Accession numbers from the TIGR ESTs database were examined for the TPR-like protein Multiple sequence alignment was performed with ClustalW, and phylogenetic analysis was performed with Phylip 3.6. The secondary and tertiary structures of the Tc72 protein were predicted with Geno3D (http://geno3d-pbil.ibcp.fr), and illustrations of the tertiary structure prediction were viewed and edited through the DeepView-SwissPDB-Viewer program.
Results
Identification of TcMago-TcY14 heterodimer interacting proteins
By screening about 10 6 transformants, we found 19 positive clones. Sequencing revealed that the 19 positive clones were derived from three genes. According to a BLAST search, seven positive clones were derived from an unknown gene (Tc61). The obtained partial Tc61 gene (GenBank Accession no. EF221833) contained 178 in-frame amino acids that interacted with the TcMago-TcY14 heterodimer. Another five positive clones were derived from a pectin methylesterase-like gene (Tc62). The obtained partial Tc62 gene (GenBank Accession no. EF221834) had 497 in-frame amino acids that contained a partial PMEI domain and a complete pectinesterase domain. The other seven clones were derived from a TPR (tetratricopeptide repeat)-like gene (Tc72). The obtained Tc72 gene (GenBank Accession no. EF094944) contained an open reading frame of 217 amino acids, beginning at an ATG codon for the initiation of protein translation. The full-length Tc72 gene was further identified and characterized.
To further confirm the interaction between the positive clones and the TcMago-TcY14 heterodimer, plasmid DNA from these positive clones was retransformed into AH109 and mated with the Y187 strain containing the TcMago-TcY14 heterodimer as the bait. The possibility of false positives was also examined. As shown in Figure 1A ( Figure 1A ). To further examine the strength of these positive interactions, β-galactosidase assays were performed with (o-nitrophenyl β-D-galactopyranoside (ONPG) as the substrate. The strength of the BD-TcMago+TcY14-NLS:Tc61 interaction was higher than those of the BD-TcMago+TcY14-NLS:Tc62 and BD-TcMago+TcY14-NLS:Tc72 interactions, and even higher than the positive control and BD-TcMago: AD-TcY14 interactions ( Figure 1B) . BD-TcMago+TcY14-NLS had a slightly higher interaction strength with Tc61, Tc62 and Tc72 than BD-TcMago alone ( Figure 1B ), implying that TcY14 may facilitate stabilization of the binding between TcMago and the three interacting proteins.
TcMago interacts with Tc61, Tc62 and Tc72 in vitro
To corroborate the interaction between TcMago and the three interacting proteins obtained in the yeast two-hybrid assay, we performed glutathione S-transferase (GST) pull-down assays in vitro. For the pull-down assays, we mixed GST-TcMago (bait) with the respective Tc61, Tc62 and Tc72 biotin-labeled proteins (prey), and then determined by immunoblot analyses if GST protein and GST binding resin pulled down any prey. Figure 1C shows that GST-TcMago interacted with the Tc61, Tc62 and Tc72 proteins in vitro, whereas the GST protein and the GST binding resin alone, used as a negative control, did not pull down the preys ( Figure 1C) . Thus, our pull-down assays demonstrated that the in vitro protein-protein interaction patterns between TcMago and Tc61, Tc62 and Tc72 were consistent with the yeast two-hybrid assays.
Tissue expression patterns of Tcmago, TcY14, Tc61, Tc62 and Tc72
The mRNA abundance of Tcmago, TcY14, Tc61, Tc62 and Tc72 were determined in the cambium and shoot tip of a 26-year-old Taiwania, the microsporangiate cone and ovulate cone of a reproductive Taiwania, and the stem, leaf and root of 3-year-old Taiwania seedlings. As showed in Figure 2A , TcY14 transcripts were more abundant than Tcmago transcripts in these organs (tissues). The expression pattern of Tcmago revealed that it was abundantly expressed in reproductive organs (microsporangiate and ovulate cones) and cambium ( Figure 3 ). Compared with leaves and roots of seedlings, Tcmago was expressed more abundantly in stems (Figure 2A ). The expression pattern of TcY14 showed that it was not only expressed abundantly in reproductive organs and cambium, but also in seedlings (Figure 2A ). In the seedlings, TcY14 expression was higher in roots than in stems and leaves (Figure 2B ). As seen in Figure 2B , we found that Tc61 and Tc72 had similar expression patterns. Both Tc61 and Tc72 were expressed in stems and leaves of the 3-year-old Taiwania seedlings, and in reproductive organs (microsporangiate and ovulate cones) ( Figure 2B ). Tc72 transcripts were more abundant in leaves than in stems ( Figure 2B ). The expression pattern of Tc62 showed that it was abundantly expressed in seedlings, especially in stems and roots ( Figure 2B ). Tc62 was also expressed in ovulate cones ( Figure 2B ). These results suggested that the interaction of the Tc62 protein with the TcMago-TcY14 heterodimer may participate in some plant developmental processes that differ from those that the Tc61 and Tc72 proteins are involved in.
Expression of Tcmago, TcY14, Tc61, Tc62 and Tc72 in response to light and dark treatments
Promoter analysis of Tcmago and TcY14 revealed that they had motifs that respond to light (data not shown). To confirm that Tcmago and TcY14 respond to light and dark in vivo, seedlings were subjected to 3 days of either continuous white light treatment or complete darkness. As shown in Figure 3A , Tcmago and TcY14 transcripts were repressed by both 3 days of continuous white light treatment and 3 days of complete darkness. To determine if Tc61, Tc62 and Tc72 are light sensitive in vivo, the expression of Tc61, Tc62 and Tc72 transcripts in 17-day-old seedlings were examined after similar treatments ( Figure 3B ). The Tc62 and Tc72 transcripts were repressed by the continuous light treatment and greatly diminished by the dark treatment. In contrast, the Tc61 transcripts were insensitive to the light and dark treatments ( Figure 3B ).
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Characterization of the TPR (tetratricopeptide repeat)-like protein (Tc72)
The nucleotide sequence of clone Tc72 was used to screen the EST database, and a large number of similar genes from several plant species were identified ( Figure 4A ). The TPR-like protein (Tc72) was highly conserved among plant species ( Figure 4A ), but its primary function has not been reported. According to the predictions of the secondary and tertiary structure of the Tc72 protein, it possesses 10 α-helices (α1-α10) with helices α4 and α5 forming TPR motif 1, α6 and α7 forming TPR motif 2 and α8 and α9 forming TPR motif 3 ( Figure 4A ). On the basis of secondary structure prediction, the TPR motif is formed by two α-helices, A and B; α-helix A contains two consensus residues, whereas α-helix B contains three consensus residues ( Figures 4B, 5A and 5B). These consensus residues appear to be important for the structural integrity of the TPR domain (Blatch and Lässle 1999) . Each of the three TPR motifs of Tc72 is predicted to be structurally identical and composed of a pair of antiparallel α-helices (A and B) ( Figures 5A and 5B ). Each TPR motif is predicted to be arranged in a parallel manner in such a way that the sequentially adjacent α-helices are antiparallel ( Figure 5C ). Phylogenetic analysis based on the sequence alignment showed that Taiwania and other woody plants, including Euphorbia tirucalli, Citrus sinensis, Gossypium hirsutum, Populus trichocarpa × Populus deltoides, Populus deltoides and Populus euphratica, were clustered in a group (Figure 6 ). The TPR-like (Tc72) gene appears to have a close evolutionary relationship in woody plants.
Southern blot analysis of total DNA indicated that the Tc72 gene exists as two copies in the Taiwania genome (Figure 7) . The two bands in the HindIII-digested DNA reflect the presence of a HindIII restriction site in the 3′UTR of the Tc72 gene (Figure 7 ).
Discussion
The Mago-Y14 heterodimer has been demonstrated to regulate oogenesis, embryogenesis and germ-line sex determination in Drosophila and nematode development (Li et al. 2000 , Mohr et al. 2001 , Kawano et al. 2004 . Based on the similar molecular characterization and high conservation of the Mago-Y14 heterodimer among divergent eukaryotes (Swidzinski et al. 2001 , Chen et al. 2007 ), we predicted that the Mago-Y14 heterodimer also plays important roles in plant development. In this study, we adopted the yeast two-hybrid system using the TcMago-TcY14 heterodimer as the bait protein to screen for interacting proteins in a 3-year-old Taiwania seedling cDNA library. After screening and false positive examination, we obtained three proteins, an unknown protein (Tc61), a pectin methylesterase-like protein (Tc62) and a TPR-like protein (Tc72), that interacted with the TcMago-TcY14 heterodimer.
Based on the results of BLASTX algorithms, the positive clone Tc61 was found to be similar to a protein of unknown function in Arabidopsis (GenBank Accession no. NP_680198). A search of the ESTs database in TIGR indicated that many of the plant ESTs have high sequence identity with Tc61, especially the conifers (77 and 75% identities with the pine and spruce ESTs, respectively). Moreover, Tc61 was expressed in the stems and leaves of the 3-year-old Taiwania seedlings, and both microsporangiate and ovulate cones. Tcmago and TcY14 were also expressed in these tissues. Additionally, Tc61 had a high-strength interaction with the TcMago-TcY14 heterodimer that may be significant in the regulation of certain plant developmental processes, such as the development of seedling shoots and reproductive organs.
The interacting clone Tc62 was a pectin methylesterase-like protein. Pectin methylesterases (PMEs) occur in multigene families and catalyze the hydrolysis of methylester groups of cell wall pectin (Ren and Kermode 2000, Markviè and Janeèek 2004) . The PMEs have been implicated in several physiological processes during plant development that involve modification of the cell wall, such as microsporogenesis, pollen growth, seed germination, root development, polarity of leaf growth, 1216 CHEN AND CHU TREE PHYSIOLOGY VOLUME 28, 2008 stem elongation, fruit ripening and loss of tissue integrity (Tieman and Handa 1994 , Wen et al. 1999 , Micheli et al. 2000 , Pilling et al. 2000 , Micheli 2001 , Bosch et al. 2005 , Jiang et al. 2005 . As shown by the tissue expression assay, Tc62 was expressed abundantly in stems and roots of the 3-year-old Taiwania seedlings and in pollinated ovulate cones, as well as in leaves of seedlings. In a previous study, we demonstrated that Tcmago expression is associated with root growth where it regulates the complexity of the root system (Chen et al. 2007 ). In Arabidopsis, a Mago T-DNA knockout affected pollen tube guidance (Johnson et al. 2004 ). Thus, TcMago-TcY14 heterodimer interactions with Tc62 may be involved in pollen tube growth as well as in root development. The Tc62 protein contained a partial PMEI domain and a complete pectinesterase domain, suggesting that a partial PMEI domain and a complete pectinesterase domain are sufficient for binding with the TcMago-TcY14 heterodimer. The positive clone Tc72 comprised a complete TPR-like protein with three TPR motifs. The tetratricopeptide repeat (TPR) motif is a protein-protein interaction module that is widespread in evolution (Lamb et al. 1995, Blatch and Lässel 1999) . Processes involving TPR proteins include cell cycle control, transcription repression, stress response, protein kinase inhibition and mitochondrial, peroxisomal and chloroplast protein transport (Lamb et al. 1995 , Qbadou et al. 2006 , Weber et al. 2006 ). According to the tertiary structure prediction, the three TPR motifs of the Tc72 protein have five conserved residues that are important for α-helices A and B to form a stable TPR motif (Blatch and Lässel 1999, D'Andrea and Regan 2003) . Each TPR motif was arranged in a parallel manner, which is consistent with the characterization of other TPR-containing proteins (Blatch and Lässel 1999, Cortajarena and Regan 2006) . In particular, the Tc72 protein had only 10 α-helices without any β-sheets, and was highly conserved with the homologues of various plants. This suggests that the Tc72 protein and its homologues in other plants may have physiological functions specific to plants. As shown by the tissue expression assay, the Tc72 gene was expressed abundantly in seedling leaves. The light and dark treatments revealed that the Tc72 gene was light sensitive, as has also been described for the Tcmago and TcY14 genes, implying that the TcMago-TcY14 heterodimer interaction with Tc72 may be related to chloroplast protein transport.
The yeast two-hybrid screening indicated that the Tc61, Tc62 and Tc72 proteins interacted not only with the TcMago-TcY14 heterodimer but also with the monomeric TcMago; however, the interaction strength assay revealed that the interaction strength was higher in the presence of TcY14 protein. Thus, the Tc61, Tc62 and Tc72 proteins may bind mainly with the monomeric TcMago, but the binding is more stable when TcY14 is present either as a monomer or as a heterodimer with TcMago. Further interaction properties and their physiological functions in plants will be examined with co-expression proteins using bicistronic plasmids and the fluorescence resonance energy transfer technique. Park and Muench (2007) demonstrated that Arabidopsis Mago and Y14 form a ternary complex with PYM, which is an RNA-binding protein and a component of the EJC (Bono et al. 2004 ). Park and Muench (2007) also showed that Arabidopsis PYM interacts with monomeric Mago and monomeric Y14. He et al. (2007) reported that Mago protein interacts with MPF2 protein, a MADS-domain protein and a key component in the evolution of the inflated calyx syndrome in Physalis floridana Rydb. We obtained no component of the EJC or any MADS-domain proteins, perhaps because our screening scale was too small or the cDNA library we screened contained few Taiwania tissue types. 
